Erosion map of a watershed offers a wealth of knowledge and can be crucial for implementing sitespecific management interventions. Thus, watershed-based soil erosion assessment was conducted to recognize erosion hotspot areas, while aiming to roughly calculate the average annual soil loss in Gendawuha watershed, with a total area of 154,548.5 ha located in the northwest lowland of Blue Nile basin Ethiopia using USLE/GIS approach. Sixteen years of rainfall data, 53 soil sample data, a 30m by 30m digital elevation model (DEM), a land-use/land-cover map, and support practice factor were used to determine high erosion risk areas. The USLE parameters were integrated and analyzed using a raster calculator in the ArcGIS platform to predict and map the mean annual soil loss of Genda-wuha watershed. The result showed that the annual soil loss of the watershed extends from none in the lower and middle part of the watershed to 75.36 Megagram (Mg) ha -1 yr -1 in the steeper parts of the watershed with a mean annual soil loss of 7.9 Mg ha -1 yr -1 . Most of the soil erosion affected areas are spatially situated in the upper steep slope parts of Genda-wuha watershed, which could be as a result of an increased slope gradient and length in the specified location. However, the majority of the watershed (82.62%) was estimated to be low erosion rates varying from 0 to 5 Mg ha -1 yr -1 and these areas correspond primarily to nearly flat landscapes of the watershed.
Introduction
The soil is an essential natural resource although it is being degraded at an extraordinary level, both in rate and geographical extent. Soil degradation ranges from soil loss through erosion, chemical depletion, to solute accumulation like salinization [1] . Soil erosion is one of the most significant environmental problems in the world, causing great economic losses every year and threatening natural resources, agriculture and sustainable development [2] . Accelerated soil erosion has occurred on most of the world, particularly in developing countries, caused by limited resources, different socio-economic and demographic factors [3] . Soil erosion not only hampers sustainable land management but also offsite environmental problems such as siltation of lakes and reservoirs [4] and increased dust in the air over long distances [5, 6] . In developing countries like Ethiopia soil degradation resulting from rainfall-driven soil erosion is an extensively recognized problem [7] . The direct reliance of population in the highlands of Ethiopia on intensified use of already stressed resources and expansion of production to marginal and fragile lands is a major reason behind the severity of land degradation also clearing of vegetation, cultivation of steep slopes, and overgrazing are some of the key factors that accelerate erosion in the highlands of Ethiopia [8] . Such exploitative ISSN: 2456-7132 Available online at Journals.aijr.in Soil Erosion Impact Assessment using USLE/GIS Approaches to Identify High Erosion Risk Areas…………… and unsustainable landuse practices as a result of increasing demand for fiber, food, and fodder by the growing human and livestock populations are responsible for severe erosion [9] . Environmental degradation, particularly rainfall driven soil erosion, has severely affected the highlands of Ethiopia for more than 2000 years and annually more land had to be cultivated than ever in search of feeding more people [10] . However, erosion is severe in the highlands of Ethiopia, the problem is significantly observed also in the Northwestern lowlands of the country which is characterized by a semi-arid ecological zone. Because of the scarcity of information about soil loss measurements of soil conservation are not also considered in this area. Soils of arid and semi-arid zones are very susceptible to erosion [11] mostly due to the scares vegetation coverage, low organic matter amount, low resistance to the erosion forces. Arid and semiarid areas considered as a fragile environment where vegetation cover is sparse and erosion processes occur very rapidly and severely after rainfall.
Moreover, semi-arid areas are characterized by extreme events, such as severe floods, storms, and droughts [12] . Typically, precipitation in these areas is categorized as torrential events, occurring in short time period with high rainfall intensities [12, 13] . There is a need for soil conservation to overturn the process of land abandonment and improvement in agricultural production to ensure food security and sustainability. Effective watershed management plans for sustainable development need consistent long-term soil loss information to investigate controlling factors, and identify hotspot areas for targeted management intervention [14, 15] . Soil erosion evaluation and mapping of soil loss susceptible areas provide knowledge regarding soil conservation and ecosystem management mechanisms [16] . Therefore, appropriate hydrological models such as empirical, semi-empirical and physical based models are developed and being utilized for many decades in order to assess and predict mean annual soil loss of a specific area [17, 18] . Universal Soil Loss Equation (USLE) [19] and Revised Universal Soil Loss Equation (RUSLE) [20] are the most known, accepted and frequently used empirical models. These empirical models are relatively simple, cost and time-saving tools under a condition of scarcity in field data than other types of models [21, 22] . A number of scholars had been studied soil erosion in the northwest highlands of Ethiopia [8, 16, [23] [24] [25] [26] [27] but no or little had been done in the northwest lowlands of Ethiopia. Thus, the general objective of the study is to roughly calculate the annual soil loss of Genda-wuha watershed, in the northwest lowland of Blue Nile basin Ethiopia using USLE/GIS approach and identify high erosion risk areas.
Research Methodology

Study Area Description
This study was conducted in Genda-wuha watershed which is located in northwestern Gondar Zone of Amhara National Regional State (ANRS) at about 862 km northwestern of Addis Ababa, Ethiopia. The watershed extends from 12°35'9ʺN to 12°43'24ʺN latitude and 37°4'23ʺE to 36°25'25ʺE longitude and altitude ranging from 746 to 2275 meter above sea level (m.a.s.l) with the total area of 154,548ha as delineated using watershed modeling system (WMS) watershed delineator tool ( Figure 1 ). According to the traditional classification of the climatic zone [28] (Table 1) , the Genda-wuha watershed is part of Woyna-Dega and Kola Agro-climatic zones ( Figure 2 ). Average mean annual precipitation (1998 to 2013) obtained from Metema meteorology station ranges from 850-1100 mm. The highest rainfall occurred during the summer season, which starts around mid-June to end of September. Relatively less rainfall occurs during the winter season, which lasts from December to January. The mean minimum and maximum annual temperature extend from 16.8 0 C to 39.3 0 C. The watershed exhibited a slope range of flat to very steep slopes (0° to 66°) with a mean slope of 12.13°. The largest portion of the study area is covered by sandy; course textured soil and the smaller portion laid on silt soil textures. Major soil unit of the study watershed identified as Eutric Cambisol by FAO digital soil map of the world [29] . 
Data sources
Different data sources were referred to analyze the soil loss in the study area. A shuttle radar topography mission (SRTM) digital elevation model (DEM) ( Figure 3 ) with 30-meter resolution developed by USGS Earth Explorer was implemented for calculating the slope length and slope gradient factor of the study watershed ( Figure 4 ). Soil sample data obtained from soil sample was also used for calculating the soil erodibility factor (K value). Analysis of rainfall erosivity factor (R value) was derived from annual rainfall data from meteorology station and digitally processed satellite images from LANDSAT 8 was used to generate the cover management C factor. The flowchart which illustrates the estimation of soil loss in the study watershed by USLE model using GIS application is displayed in Figure 5 . 
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Derivation of USLE Parameters
Rainfall Erosivity Factor (R factor)
Rainfall erosivity index is a factor established by blowing energy from raindrop per storm event, the kinetic energy of rainfall, and maximum 30minute rainfall intensity. The R factor is estimated as the rainfall erosivity of specific rainstorm events and averaged these value over several years [30] . The value of R factor for the study watershed was estimated through the equation proposed by [31] (Equation 1).
= −8.12 + 0.562 * Equation (1) Where, R= Rainfall erosivity; P= mean annual precipitation (mm/yr). The mean annual rainfall data of 16 years (1998-2013) data collected from Metema meteorology station was used to estimate the R factor value for each grid cell of the study area using equation (1).
Soil Erodibility Factor (K factor)
For this study, the soil erodibility (K factor) value determinant factors such as a percentage of topsoil sand, silt, clay and organic carbon (OC) were randomly collected over 53 locations within the study watershed. The method for indirect estimation of K factor was based on the equation, which utilized the soil physical properties (texture and organic matter content) as input data [7] . In this study, a formula developed by [32] and also utilized by [33] was applied in order to calculate K values of the study watershed.
= * * * * 0.1317 Equation (2) A= is a factor that lowers the soil erodibility for soils with high coarse-sand content and higher for soils with little sand; B= gives low K factors for soils with high clay to silt ratios; C= reduces K values in soils with high organic content; D= lowers K values for soils with an extremely high sand content
where:
Equation ( Where: SAN, SIL, and CLA are a percentage of sand, silt, and clay, respectively; C is the organic carbon (OC %) content, and SN1 is sand content subtracted from 1 and divided by 100. Then by using an Arc GIS format the excel data was added on the layer and exported to create an output feature class, in Arc GIS "spatial analyst tool" so that the shapefile point datasets were interpolated by IDW (Inverse Distance Weighted) and extracted by the watershed through masking to develop the K factor map.
Slope length and Slope steepness factor (LS factor)
The influence of topography on soil erosion in USLE is described by the dimensionless LS factor [34, 35] . In this study, the Shuttle Radar Topography Mission (SRTM) digital elevation model (DEM) with a resolution (grid cell) of 30m by 30m which is available by USGS Earth explorer was used to generate slope surface layer through "Spatial Analyst Tool Surface Slope" in Arc GIS environment. The DEM was used to computed the flow accumulation and slope steepness and slope and flow accumulation maps were calculated by using "Spatial Analyst Tool Map Algebra Raster Calculator" to calculate and map the LS value as shown in Equation (3). The LS map was generated through the following formula developed by [36] and utilized by [37] . Equation (3) Where: S = slope gradient (%); the value of "M" is an exponent varies from 0.2 -0.5 depending on the slope as shown in Table 1 [36] . For determination of length value, the method proposed by [38] was applied as displayed in Equation cells while cell size is the length of a cell side in meter (m). Flow accumulation was derived from the DEM, after conducting fill and flow direction processes in Arc GIS environment [39, 40] in line with Arc Hydro tool and was calculated by raster calculator of the map algebra expression whereas, the value of S was directly derived from 30m resolution DEM. Table 1 : "M" Values for the different slope classes [36] M values Slope (%)
Cover management factor (C factor)
The land use/land cover map was used for the estimation of soil erosion cover-management factor (C factor) [41] . In this study supervised maximum likelihood classification of LANDSAT 8 data acquired on 05 March 2017 from Land Sat was used to prepare the land use/land cover map of the study watershed. The raster landuse/land cover map of the study area was converted to a vector format and a corresponding C factor was assigned to each landuse classes based on cover values proposed by [41] . After assigning C factors for each landuses in the watershed, the resulting map was converted to a raster C factor map with 30m cell size.
Support practices factor (P factor)
The P-factor for this study was determined using an alternative method that utilizes slope and landuse data as suggested by [36] and this method has also been applied by different scholars [16, 23, 24] (Table 2 ). Generally, the method classifies the land cover into agricultural land and other landuses. Meanwhile, during the fieldwork different datasets related to management practices of the study watershed were collected. Consequently, values for P factors were assigned considering local management practices and the weighed value was taken for similar landuses.
Soil Loss Analysis
The average annual soil loss analysis was calculated based on a grid cell analyses by multiplying the respective USLE factor values (R, K, LS, C, and P) interactively using "Spatial Analyst Tool Map Algebra Raster Calculator" in Arc GIS environment.
= * * * *
Where A is the annual soil loss (Mg ha -1 year -1 ); R is the rainfall erosivity factor [MJ mm h -1 ha -1 year -1 ]; K is soil erodibility factor [Mg ha -1 MJ -1 mm -1 ]; LS = slope length factor (dimensionless); C is management factor (dimensionless); and P is conservation practice factor (dimensionless).
Results and Discussions
Rainfall Erosivity Factor (R factor)
According to [42] , soil loss rate is closely related to rainfall partly through the detaching and transport power of raindrop that striking the soil surface and partly through the contribution of surface runoff. The average annual rainfall of Genda-wuha watershed is 950mm and the resulting value of R factor in the study watershed which was calculated using equation 1 was 525.78 MJ mm ha -1 year -1 .
Soil Erodibility Factor (K Factor)
The soil erodibility is a complex concept and it is influenced by many soil properties, which could be an expression of its inherent resistance to particle detachment and transport by erosion processes, such as splash erosion, surface runoff or both [43] . Soil erodibility depends fundamentally on the amount of organic matter in the soil and the texture of the soil [44] . The soil erodibility or K factor normally varies from near zero to about 0.6 and it is very low for soils with high infiltration capacity, such as well-drained ISSN: 2456-7132 Available online at Journals.aijr.in Soil Erosion Impact Assessment using USLE/GIS Approaches to Identify High Erosion Risk Areas…………… sandy soils or friable tropical clays with high in hydrous oxides of iron and aluminum or kaolinite [45] . Generally, soils with high infiltration capacities and moderate soil structural stability have a K factor of 0.2 to 0.3, while the most easily eroded soils with low infiltration capacities will have a K factor of 0.3 or highest [45] . Erodibility factor for the study watershed ranges from 0.019 -0.26 Mg ha -1 MJ -1 mm -1 (Figure 6 ). 
Slope length and Steepness factor (LS factor)
The LS factor dataset for the study are was determined using a high-resolution (30m) Digital Elevation Model (DEM), resulting in an improved delineation of areas at risk of soil erosion and the value of LS factor for the watershed ranges from 0 to 15.2 (Figure 7 ). 
Cover Management Factor (C Factor)
The cover management factor (C values), indicates the influence of crop cover systems on the soil erosion rate [30] . C Factor is used to determine the relative efficiency of crop management practices in terms of preventing soil loss. During this study, eight landuse and land cover classes were recognized, these include mixed forest land, natural grassland, shrubland, annual cropland, open woodland, annual crop associated with a sparsely vegetated area, bare land, and open space with little or no vegetation (Table 3 ). Shrub-land 29658.21 0.25 [47] Annual crop associated with sparsely vegetated area 957.87 0.29 [48] Annual cropland 118119.01 0.343 [48] Open woodland 2839.99 0.27 [49] Bare-lands 152.66 0.15 [50] Open space with little or no vegetation 21.18 0.13 [51] Since the introduction of the USLE, experimental studies have suggested different values for different cover types and management practices [30, 36] . The C-factor values suggested by different researchers for different crop and surface cover types were employed (Table 3) , although it is difficult to apply those values to other environmental settings. Based on the land cover classification map, the analysis of crop management factor (C values) was made by changing the coverage to the grid base. A corresponding C value was assigned to each landuse class using the "reclass" method in Arc GIS environment. The values of the C factor were within the range of 0.01 to 0.343 and the spatial display of the C factor is shown in Figure 8 . The resulting map C factor indicates that in the central part of Gendawuha watershed, the soil is very sensitive to erosion processes, due to agricultural activities; therefore, the values of C factor in thus location are high. 
Control practice (P factor)
The conservation practices factor (P factor) reflects the impacts of soil conservation practices that reduce the volume and rate of surface runoff and thus reduce the total soil erosion rate [52] . Based on the field visit and local farmers interview there were no management practices, thus, the P-values suggested by [23] was used and this technique considers only two types of landuses (agricultural and non-agricultural) ( Table 2) . Thus, a corresponding P-value was assigned and mapped to each landuse type using the "reclass" method in Arc GIS environment (Figure 9 ). 
Average Annual Soil Loss
All factors layers R, K, LS, C, and P were computed and specialized previously by using GIS technology, are combined together to obtain average annual soil loss rate layer. The total soil loss in the study area was 1,220,929.2 Megagram (Mg) per year from 154,548.5 ha and the estimated soil loss for Genda-wuha watershed varied from 0 to 75.36 Mg ha -1 yr -1 . The average annual soil loss for the entire watershed was estimated to be 7.9 Mg ha -1 yr -1 . According to [25] , the soil loss severity classes of the watershed was divided into four ordinal classes these are very high risk (>20 Mg), high risk (10 to 20 Mg), moderate risk (5 to 10 Mg) and low risk (0 to 5 Mg) with area coverage of 14,821.15 ha, 6120.1 ha, 5919.19 ha, and 127,687.53 ha respectively. Table 4 illustrations the area and proportion of each of the soil erosion potential categories of the study watershed and 82.62% of the area was estimated to be low erosion rates varying from 0 to 5 Mg ha -1 yr -1 and these areas correspond primarily to the nearly flat areas. Meanwhile, the estimated soil losses from 5 to 10 Mg ha -1 yr -1 are found in 3.83% and from 10 to 20 Mg ha -1 yr -1 are found in 3.96% of the study area, which corresponds primarily to the mountain and valley areas. The estimated average annual soil loss >20 Mg ha -1 yr -1 are found in 9.59% of the study area which indicated a high erosion occurrence ( Figure 10 ). The high values of soil erosion could be the result of the combined effects of steep slopes, high rainfall and intensive cultivation, overgrazing, and land clearing by fire specifically on the mountainous areas of Genda-wuha watershed. 
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According to [53] , the average annual soil loss ranges can be classified as very slight (0 -4.99 Mg ha -1 yr -1 ), slight (5 -9.99 Mg ha -1 yr -1 ), moderate (10 -24.99 Mg ha -1 yr -1 ), severe (25 -44.99 Mg ha -1 yr -1 ) and very severe (> 44.99 Mg ha -1 yr -1 ), thus, based on these categories the mean annual soil loss of the study watershed (7.9 Mg ha -1 yr -1 ) is under slight class of soil erosion (5 -9.99 Mg ha -1 yr -1 ). 
Conclusions
This study utilized USLE equation with GIS techniques to assess the annual soil loss and identify the most erosion contributing areas in Genda-wuha watershed. Soil loss estimation was carried out based upon the principles defined in the USLE, which includes the rainfall erosivity, soil erodibility factor, slope length factor, management factor, and conservation practice factor. The input parameters of the model were compiled in raster model format with a grid resolution of 30 meters. The spatial distribution map of soil loss of Genda-wuha watershed has been generated and the estimated average annual soil varied from 0 to 75.9 Mg ha -1 yr -1 . The mean annual soil loss from the entire watershed was 7.9 Mg ha -1 yr -1 , which could be categorized under the slight class of soil erosion. The highest soil erosion is strongly the result of the combination of steep slopes, high rainfall, intensive cultivation, land clearing by fire and overgrazing on the mountainous areas of the study watershed. However, the most parts of the watershed (82.62%) was estimated to be low erosion rates varying from 0 to 5 Mg ha -1 yr -1 and these areas correspond primarily to nearly flat areas. Since the USLE is restricted to rill and inter-rill erosion while the actual soil erosion is likely to include all types of water erosion within the watershed, which implies that the modeled values could be expected lower than the observed. Nevertheless, the method can be applied in data scarce parts of the northwest lowlands of Ethiopia for assessment and delineation of erosion-prone areas and prioritization for conservation. In general, for long term sustainable soil resources management and erosion control particularly in steeper parts of the watershed, conservation of existing vegetation cover and replanting appropriate vegetations should be done.
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